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THE EFFECT OF ASPECT RATIO A N D  FLUID FLOW 
ON CRYSTAL GROWTH 

ABSTRACT 

by 
P a t r i c k  G .  B a r b e r  

P r o f e s s o r  a n d  D i r e c t o i -  o f  C h e m i s t r y  
Longwood C o l l e g e ,  F a r m v i l l e ,  V i r g i n i a  2 3 9 0 1  

S i n c e  t h e  b e g i n n i n g  o f  NASA G r a n t  NAG-1-627 i n  J a n u a r y ,  
1986 ,  f o u r  s e t s  o f  e x p e r i m e n t s  h a v e  b e e n  c o n d u c t e d .  

1 .  THE EFFECT OF ASPECT RATIO ON NUCLEATION: 

d i f f e r e n t  a s p e c t  r a t i o s  b e f o r e  c r y s t a l  g r o w t h .  
T h e  c o n d i t i o n e d  s o l u t i o n s  were p o u r e d  o u t  i n t o  d i s h e d  t o  
i n i t i a t e  c r y s t a l  n u c l e a t i o n  and g r o w t h .  T h e  r a t e  o f  
g r o w t h  was m e a s u r e d  m i c r o s c o p i c a l l y  a n d  f o u n d  t o  d e p e n d  
u p o n  t h e  a s p e c t  r a t i o .  S e c o n d l y ,  t h e  n u m b e r  a n d  s i z e  o f  
c r y s t a l s  f o r m e d  was f o u n d  t o  d e p e n d  u p o n  t h e  a s p e c t  
r a t i o .  T h e  d a t a  s u p p o r t  t h e  a b o v e  c o n c l u s i o n ,  b u t  d o  
n o t  p r o v e  i t .  

S u p e r s a t u r a t e d  s o l u t i o n s  were c o n d i t i o n e d  a t  

2 .  PRACTICAL CRYSTAL GROWTH: 

c o n t r o l l i n g  t h e  f l u i d  f l o w  p a t t e r n s  t o  g r o w  o p t i c a l l y  
c l e a r  c r y s t a l s  t h a t  a r e  d o p e d  w i t h  v a r i o u s  i n o r g a n i c  
i o n s .  T h e  c r y s t a l s  g r o w  r a p i d l y ,  a n d  t h e y  h a v e  b e e n  
s e n t  t o  NASA-LaRC f o r  a n a l y s e s .  T h i r t e e n  c r y s t a l  
s y s t e m s  h a v e  b e e n  t r i e d ,  a n d  e i g h t  h a v e  r e s u l t e d  i n  
s u i t a b l e  c r y s t a l s .  

A d v a n t a g e  was t a k e n  o f  u s i n g  t h e  a s p e c t  r a t i o  a n d  

3 .  RATE OF DIFFUSION FROM GELS: 

s u p p o r t  a NASA p a t e n t  a p p l i c a t i o n  (LAR-13607) .  F o u r  
d i f f u s i n g  s y s t e m s  h a v e  b e e n  u s e d .  I t  m a y  b e  n e c e s s a r y  
t o  e x t e n d  t h e  d a t a  t o  a d d i t i o n a l  g e l s  a n d  r e a g e n t s .  

Data h a v e  b e e n  g a t h e r e d  f o r  t h e  e x a m p l e s  n e e d e d  t o  

4 .  FLUID FLOW SCHLIEREN SYSTEM: 
T h e  o p t i c a l  s y s t e m  n e e d e d  t o  v i e w  a n d  t o  r e c o r d  t h e  

f l u i d  f l o w  i n  c r y s t a l  g r o w t h  a n d  i n  s y s t e m s  t h a t  m o d e l  
B r i d g m a n  g r o w t h  of s e m i c o n d u c t o r s  h a s  b e e n  a s s e m b l e d  a n d  
i s  o p e r a t i o n a l .  [ T h i s  h a s  b e e n  n o  mean t a s k  g i v e n  t h e  
b u i l d i n g  r e n o v a t i o n  a n d  t h e  t h r e e  m o v e s  f r o m  o n e  
l a b o r a t o r y  t o  a n o t h e r ! ]  
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'The e x p e r i m e n t s  ccjnducted i n  . t h i s  series are 
nat c o n c l u s i v e ,  and t h e y  w i l l  h a v e  t o  b e  r e p e a t e d  e n o u g h  
.t: l iniSs to g e t  s t a k i s t i c a l  l y  .;igr-ti.Ficant. n u m b e r s  of r u n s  
ar id  to v a r y  s e v e r - a 1  inore o-l: the e i : p e r i  rnental p a r a m e t e r s .  
The e x p e r i m e n t s  should also b e  r u n  on inore c r y s t a l  

a s i d e  because it; is n o t  t h e  aa in  p u r p o s e  oil t h e  p r o j e c t .  
P lore  time w o u l d  be needed t o  g a t h e r  t h e  s t a t i s t i c a l  
data,  and t h e r - e  may b e  s i i w p l e r  w a y s  o+ pr -ov ing  t h e  

~ y s t e r , j s .  '1-h i 5 ser  1 ' e5 of: expel- i cnen.ts w a s  kernpar-ar i 1 y s e t  

e;.: i s.ter.lce of: p r e c r y . ; t a l  1 i r l e  a g y r e g ~ . t e s .  

.'f'he .toll c i w i  rig generaL o b s e r v a t i  on5 can be rr~ade 
about t h e  c r y s t a l s  g r o w n :  



~ ii F.: * Ci~. ... i . 1 . 1.lt.N-l , , 4 : FLU 1 fi 1.. LljW S("C.iL I EHEi\I S'y'S'.[k[l 

il c" .L a1 .- ' g r o w t h ,  a n  up t i . r - : a l  b e n c h  w i t h  S c h l i e r e n  C l p t i c s  

as well a... p h o t o g r a p h i c : ~ a l l  y.  This w i  11. now b e  used t o  

c- & I  I- ve t h e  actual . F l u i d  f l o w  . t h a t  a c c o m p a n i e s  

has b e e n  set  up. T h e  data can b e  r e c o r d e d  on v i d e o  t a p e  

record ,the i; 1 u i  d .F 1 o w s  a c c u m p a n y i  ng c r y s t a l  y r o w t h  a n d  
to t e s t  t r a n s p a r e n t  .f: l u i  d s  that  w i  11 mode l  t h e  
c: on d i. .t i on 5 occ iir" r i n y i c i  Br i dy man c r y  st a I y r  o w t  h . 
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